APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300090046-9

FOR OFFICIAL USE ONLY

JPRS L/9624
24 March 1981

USSR Report

EARTH SCIENCES

(FOUO 3/81)

FBIS| FOREIGN BROADCAST INFORMATION SERVICE

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300090046-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300090046-9

NOTE

JPRS publications contain information primarily from foreign
newspapers, periodicals and books, but also from news agency
transmissions and broadcasts. Materials from foreign-language
sources are translated; those from English-language sources
are transcribed or reprinted, with the original phrasing and
other characteristics retained.

Headlines, editorial reports, and material enclosed in brackets
[] are supplied by JPRS. Processing indicators such as [Text]
or [Excerpt] in the first line of each item, or following the
last line of a brief, indicate how the original information was
processed. Where no processing indicator is given, the infor-
mation was summarized or extracted.

Unfamiliar names rendered phonetically or transliterated are
enclosed in parentheses. Words or names preceded by a ques-
tion mark and enclosed in parentheses were not clear in the
original but have been supplied as appropriate in context.
Other unattributed parenthetical notes within the body of an
item originate with the source. Times within items are as
given by source.

The contents of this publication in no way represent the poli-
cies, views or attitudes of the U.S. Government.

COPYRIGHT LAWS AND REGULATIONS GOVERNING OWNERSHIP OF
MATERIALS REPRODUCED HEREIN REQUIRE THAT DISSEMINATION
OF THIS PUBLICATION BE RESTRICTED FOR OFFICIAL USE ONLY.

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300090046-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300090046-9

FOR OFFICIAL USE ONLY

JPRS L/9624

24 March 1981

- USSR REPORT
EARTH SCIENCES
(FOUO 3/81)

CONTENTS

METEOROLOGY
Problems in Atmospheric OptiCSececeeseeccecsccsaccccccenssaosaososansass 1
o OCEANOGRAPHY
Bionic Modeling of Fish Electric Communication and Location Systems..... 5
Vertical Microstructure of the Thin Ocean Surface Layers.eeeevoeeseseoes 20
Mathematical Models of Circulation in the OceaNe.ssececssecscsoscesescess 26
Mathematical Model of General Circulation of the Atmosphere and Ocean... 28

Possibilities of Summation of Reflected Signals in Seismic Profiling

SYSEEmMS. e etoeavsasocssossscsscosanscnonsosssassassnsosvsassscrsocasacsnses 4

TERRESTRIAL GEOPHYSICS
Seismic Investigations of the Lithousphere in the Pacific Oceaneeesesee.. 38

PHYSICS OF ATMOSPHERE

Modeling of Physical Processes in the Polar IonoSphere..c.eeeessccececse 43

-a - [III - USSR ~ 21K S&T FOUO]

TAD NADTTATAT TIOT NANIT Y

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300090046-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300090046-9

FOR OFFICIAL USE ONLY

METEOROLOGY

UDC 551.510:539.184
PROBLEMS IN ATMOSPHERIC OPTICS

Leningrad PROBLEMY ATMOSFERNOY OPTIKI in Russian 1979 (signed to press 8 Jun 79)
pp 191-195

[Table of contents and abstracts from collection "Problems in Atmospheric Optics",
edited by A. L. Osherovich, Izdatel'stvo Leningradskogo universiteta, 1000 copies,
196 pages]
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Abstracts

UDC 551.583.13
PRESENT~DAY CLIMATE AND FACTORS DETERMINING IT
[Abstract of article by Komdrat'yev, K. Ya.]
[Text] A study was made of the problem of the possible effect exerted on climate
by factors related to variations of ozone and atmospheric aerosol. The author em—
phasizes the important role of satellite observations of different parameters de-
termining the climate of the planet.

UDC 551.593.6
ORIGIN OF THE ATMOSPHERIC RELATIVE TRANSPARENCY EFFECT
[Abstract of article by Rozenmberg, G. V.]
[Text] The author discusses the theory of the selective atmospheric transparency. ef-
fect discovered by S. F. Rodionov. The correctness of the interpretation of the ob-
served facts proposed by S. F. Rodionov is demonstrated.

UDC 551.593.55
ON THE THEORY OF GLOW PHENOMENA ‘
[Abstract of article by Khrgian, A. Kh.]
[Text] The possible spectral effects of light scattered by a layer of stratospheric
aerosol at an altitude of 20 km at twilight are examined. It is shown that such
scattering can create a red or yellow spot over the setting sun with a distinct

lower limb and a diffused upper limb. This gives an explanation for the.observed
purple light and some other glow phenomena. ’

R UDC 551.510.534

i

- ALLOWANCE FOR THE WIDTH 01‘: THE SPECTRAL INTERVAL IN MEASUREMENTS OF THE VERTICAL
DISTRIBUTION OF OZONE IN THE ATMOSPHERE

[Abstract of article by Bol'shakova, L. G.]
[Text] A method for computing the vertical distribution of ozone on the basis of

ozonosonde data is described for a case when narrow-band light filters are used.
A quantitative evaluation of the accuracy of the method is presented.
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UDC 551.509.616/617
SOME PROBLEMS IN THE GROWTH OF HAIL IN A CLOUD -

[Abstract of article by Sulakvelidze, G. K.]

- [Text] It is shown that the growth of hail occurs for the most part due to coagula-
tion with the supercooled accumulated large-droplet fraction. The conditions under
which the creation of artificial hail nuclei can limit their growth to RN 0.55 cm

_ are evaluated. The number of collisions of hailstones with supercooled droplets,
leading to thelr growth, is computed. It is shown that the number of collisions
is a function of the concentration of supercooled droplets in the cloud and their
size distribution.,

UDC 539.184 -
METHOD OF DELAYED COINCIDENCES IN ATOMIC AND MOLECULAR SPECTROSCOPY
[Abstract of article by Osherovich, A, L., Verolaynen, Ya. F.]
[Text] The article describes one of the most universal and precise methods for in-
vestigating the excited states of atoms and molecules —- the delayed coincidences
method. The accuracy of the method is evaluated., It is shown that the delayed co-

incidences method can be used in investigating the elementary processes of populat-
ing and destruction of energy levels.

UDC 550.388
NIGHTTIME EMISSION OF SODIUM IN THE EARTH'S UPPER ATMCSPHERE
[Abstract of article by Fishkova, L. M.] -
[Text] The article presents the results of systematic observations (from 1958 to
1970) of sodium emissions (A, = 589.0 nm and 7\2 = 589.6 nm) in the earth's night-
time sky obtained using a photoelectric photometér at the Abastumani Astrophysical
Observatory. A study was made of the diurnal, seasonal and annual variations of
this emission. The theory of the observed patterns is discussed.

UDC 551.510.534

DECIMAL COEFFICIENTS OF RAYLEIGH SCATTERING OF THE STANDARD ATMOSPHERE IN THE
- SPECTRAL REGION 200-400 nm EACH 0.4 nm

[Abstract of article by Bol'shakova, L, G.]
[Text] The article gives the results of computation of the volume coefficients of

Rayleigh scattering for a vertical column of the atmosphere with a base 1 cm? each
- 0.4 nm in the spectral region of ozone absorption from 200 to 400 nm.
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UDC 551.510.42:551.521.3

VARIATIONS IN THE SPECTRAL COEFFICIENT OF ATTENUATION OF RADIATION BY ATMOSPHERIC
AEROSOL IN THE UV SPECTRAL REGION

[Abstract of article by Georgiyevskiy, Yu. S., Shukurov, A. Kh.]

[Text] The results of measurements of spectral tranmsparency and the spectral coef-
ficients of attenuation of radiation by atmospheric aerosol on slant and horizon-

_ tal paths are presented and discussed. It is shown that the main influence on at-
mospheric transparency in the UV and visible spectral regions is exerted by par-
ticles with a radius of about 0.3y m, whose concentration correlates with air
humidity.

UDC 551.521.3
SIZE OF SELECTIVELY SCATTERING PARTICLES OF ATMOSPHERIC AEROSOL OVER EL'BRUS
[Abstract of article by Pavlova, Ye. N.]
[Text] An estimate of the radius of selectively scattering particles in the air
layer at an altitude of 3-3.2 km over the glacier in the Fl'brus region is given.
It is shown that the radius of the aerosol particles can vary from O.ZP&m over firn

fields to 1.23|im over the valley.

COPYRIGHT: Izdatel'stvo Leningradskogo universiteta, 1979
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OCEANOGRAPHY

BIONIC MODELING OF FISH ELECTRIC COMMUNICATION AND LOCATION SYSTEMS
Moscow VESTNIK AKADEMII NAUK SSSR in Russian No 1, Jan 81 pp 99-110
[Article by V. M. Ol'shanskiy, A. A. Orlov, and Dr Biol Sci V. R. Protasov]

[Text] The methods of creating bionic models differ from methods usually employed
in biological research to model any processes or phenomena. Every biological
object is typified, on one hand, by universality in relation to the functions

it performs and, on the other hand, unique features inherent only to a living
organism. Using technical devices to directly copy biological structures per-
forming certain functions fails to produce optimum solutions. Therefore when
building a bionic model, it wouid be best to use only the general phenomenological
characteristics typifying a particular aspect of the activity or function of a
living organism, applying in this case the sum total of presently available
knowledge and technical devices.

Information on Electric Fish

About 300 of the 20,000 presently existing fish species possess special electricity
generating tissues and are capable of ge.aerating electric fields. Among these,
only the electric eels, electric catfish, electric skates, and American stargazers
have distinctly pronounced electric organs with which they create intense electric
fields about themselves, used in attack or defense. The electric organs of the
skate, for example, generate discharges having an amplitude of up to 50 w and a
current intensity of up to 50 amp in sea water. The energy of such a discharge

may be estimated as 1 mj per gram of electric organs. The frequency of discharges
in response to stimulation attains 150 Hz, each discharge lasting 3-5 msec.

The rest of the species make up a second group of so-called weakly electric fish,
which generate relatively weak electric fields with amplitudes on the order of
5-10 w in water.

Weakly electric fish are divided in terms of the sort of discharges generated into

wave and pulsating species. Pulsating species include all Mormyriformes (except

for gymnarchids) and the bulk of the gymnotids. The duration of discharges pro-

duced by pulsating species is much shorter than the time interval between discharges;

- in this case the fish may vary the discharge frequency within broad limits. For
most pulsating species, this range is 1-60 pulses/sec. Wave species generate
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quasisinusoidal discharges of practically constant frequency. These frequencies are
species~-specific , and they fall within the 50-2,000 Hz range.

Fields generated around fish differ from electric fields around dipole sources
(Figure 1) mainly due to nonuniform distribution of a fish's electric skin resistance.

The electric organs of fish consist of specialized cells (electric plates) trans-
formed, as a rule, out of muscle fibers and, in some species, out of nerve fibers.

A typical feature of these cells is functional differentiation of cell membranes,
taking the form of innervation of just one side. At the moment of stimulation,

the potential difference across an electric plate attains 40-120 mv. Electric
plates in electric organs are stacked into columns, which are in turn connected in

: paraliel. Owing to this the emf and current produced by the whole electric organ
significantly exceed the corresponding outputs of a single electric plate. The
orientation of these columns in electric organs located in the fish body predetermines
the polarity of the discharge and the current direction.

Figure 1. Electric Pield of a 22 cm Long Apteronotus in Water With Specific
Resistance Equal to 3.2 kohm*cm (From Knudsen, E. I., “Spatial
Aspects of the Electric Fields Generated by Weakly Electric
Fish," JOURN. COMP. PHYSIOL., Vol 99, 1975, pp 103-118): Field
potentials are indicated horizontally in uv on the equipotential
lines corresponding to them. Field intensities are indicated
vertically in uw/cm near the vectors associated with them.

All weaKly electric and many strongly electric species have electroreceptors exhibit-
ing high electric sensitivity. They evolved from fish lateral line organs, and
they are situated in the skin, communicating to the body surface through pores.
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Their density is usually greatest in the anterior parts of the bodv and the head.

1 In terms of their physiological properties, electroreceptors are divided into two
basic types--tonic and phasal. Tonic electroreceptors adapt slowly, and they are
sensitive to low frequency electric fields in the 0.5-20 Hz range. Receptors of
this type have also been found among both freshwater and marine electric fish,
as well as among some nonelectric species. Phasal electroreceptors have been
found only in freshwater weakly electric species and in the electric eel. These
quickly adapting high frequency receptors exhibit their greatest sensitivity in the
60-2,000 Hz range--that is, in the frequency range of electric organ discharges.

The joint operation of electric organs and electroreceptors of weakly electric

fish supports electrolocation and electrocommunication functions. Because tonic
electroreceptors are insensitive to the discharges of electric organs, their basic
purpose is apparently associated with so-called passive location and orientation--
that is, with registration of external electric fields of biotic and abiotic origin.
The ways fish use their bioelectric fields in their vital activities are diagramed
below (Diagram 1).

Diagram 1
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Modeling Electrocommunication Systems

The principal carrier frequencies of the discharges of the electric organs of weakly
electric fish are species~specific as a rule, and therefore we can hypothesize that
electric fields are used by fish mainly for intraspecific communication. Experi-
ments have demonstrated the existence of electrocommunication in a large number

of weakly electric fish, and that such communication has dominant significance in
sexual and territorial mutual relationships. The range of electrocommunication
detected by R. Bauer in experiments with a 15 cm long Gnathonemus petersii is
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30 cm, which agrees with the theoretical estimate of this value for most weakly
electric species.

Investigation of fish electrocommunication reguires thorough physicotechnical
analysis of close electromagnetic low frequency communication in conducting media.
Without clear physicotechnical premises, we cannot perform competent experiments,
theoretically predict the possibilities of fish electrocommunication systems, re-
veal the mechanisms of their operation, adequately describe the parameters of
electrocommunication systems, and assess their optimum parameters from different
points of view. Moreover it would doubtlessly be interesting to develop electro-
conductive communication devices of direct practical significance. Fromahistori-
cal standpoint, most pioneering efforts in this direction were started under the
- influence of ideas suggested in the biological literature.

Examining the problems associated with short-range underwater electrocommunication,
we should distinguish the following physicotechnical aspects:

propagation of electromagnetic fields in conducting media; effectiveness of trans-
mitting and receiving antennas, and matching antennas to the apparatus; factors
restricting transmission and reception possibilities; design of the system as a
whole-~selection of the operating frequency and type of modulation, estimation of
the range and dependability of communication in relation to given overall dimensions
of the apparatus and its power supply possibilities, and so on.

Let us examine these problems briefly.

Propagation

In most technical situations, the required ranges of communication significantly
exceed the necessary depths of communication. It would be advantageous in this
case to select the working frequency of communication such that the electromagnetic
signals would propagate as a so-called "surface wave", which may be arbitrarily
imagined as a signal propagating upward from its source to the water surface, then
through air along the surface and, finally, downward through water to the receiver.
The nature of propagation is basically defined as the product of two terms:

—14h

1
pxs and e

where r--range of communication, 2z+k--total depth of communication, §--magnitude of
skin layer in water. Approximations describing propagation of an electromagnetic
field in practically all real communication situations have been published.*

i

<

* Bannister, P. R., "Quasi-Static Fie‘lﬁds of Dipole Antennas at the Earth's Surface,"
RADIO SCI., Vol 1, No 11, 1966, pp 1321-1330; Xraichman, M. B., "Handbook of
Electromagnetic Propagation in :Condugting Media," NAVMAT, 1970.
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In biological and some technical applications, meanwhile, the surface wave assump-
tion (the assumption that the total depth of the source and receiver is much less
than the range of communication) is unacceptable. In these cases the simplest
approximation is used in the estimates as a rule--equaiions for the field of a
dipole source in a boundless, uniform conducting medium.

In a conducting medium (in distinction from dielectric media), the polar diagrams
of a dipole source may be plotted only on the condition that the orientation of
the receiving antenna is determined. The receiver's polar diagram may also be
plotted only on the condition that the coordinates of the reception point relative
to the source and the magnitude of the skin layer at the operating frequencies in
water are given. At ranges from the source commensurate with the magnitude of the
skin layer in water, elliptical -polarization of the electric field's intensity
vector is significant, and the polar diagram does not possess a zero point, no
matter what the orientation of the receiving dipole antenna in the polarization
- plane.

Assessment of Antenna Effectiveness

An electric dipole source can be fully described by the dipole moment Il. If we
represent Il as

I zV_L.z= VP,
| ze]

where P--power, z--total impedance, and l--effective antenna length, coefficient
Gg = 12/ lze[) may be used as a measure of the effectiveness of an electric dipole
antenna: Of two identically situated and identically oriented antennas of egqual
power, that having the greater ay, will emit the greater signal at any distant
point.

If the class of antennas is given, we can optimize them--that is, we can find the
antenna with the greatest ay,. For example in the class of dipole antennas with a
fixed total length L, those antennas having electrodes with longitudinal dimensions
on the order of 1/3L are optimum.

&g may be increased by placing an insert made from insulating or fully conducting
material between the elctrodes. This raises the effective length of the antenna.

de may be used to assess the effectiveness of dipole antennas in terms of not only
emission but also reception: The greater ug is, the greater is the signal to noise
ratio. However, this is valid only if two conditions are observed:

the length of the receiving antenna is much less than the range of communication;

The: sensitivity of the receiver depends on the antenna's thermal noise, and not
some other factors (for example the level of atmospheric disturbances).

FOR OFFICIAL USE ONLY
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There are many practical situations in which these conditions are not satisfied.

Such situations require development of ways to suppress outside interference;

. therefore it would be suitable to use mlti-electrode antennas, which would require
subsequent correlationprocessingof the recorded potentials (recall that the number

= of electroreceptors in £ish is very large). Muliti-electrode antennas require a funda-
mentally new approach to assessment of the effectiveness of receiving antennas.
Developing such an approach is a pressing problem of engineering and bionics.

- The Electromagnetic Background

The =lactromagnetic tackground in water is the product of sources of different
origins (Diagram 2). &Each component in the diagram may dominate under certain con-
dit.ions. However, at the frequencies used for underwater electrocommunication,
fields produced by thunderstorms (atmospheric disturbances) are dominant as a rule.
A large number of papers devoted to them not only cite experimental data but also
thoroughly analyze the origin and propagation of atmospheric disturbances.* A
knowledge of the theory of atmospheric disturbances permits us to approximate
experimentally measured levels and spectrums at other depths, explain the temparal
and spatial features of the background, and predict the unique fcatures of the -given
region. It is important to study the electromagnetic background both from the
standpoint of practical engineering problems and from the standpoint of biological
problems (electro-ecological in particular). Investigation of fields of biologi-
cal origin is an important part of the study of electromagnetic fields in water.

- The Design of Concrete Electrocommunicdation 3ystems

In contrast to the situation with most known communication systems (radio, acoustic,
optical,, the design and parameters of underwater electrocommunication devices
depend tc a significant extent on the concrete application, and as a rule, if
communication is to be maintained with a different object, a new device of a differ-
ent sort would have to be developed. Designing such devices entails determining
th2 communication frequency (), signal intensity (Zz) at the eception point re-
cuired for communication, and transmitter power (P); the most suitable types and
designs of antennas are revealed, and their u, are computed. If the particular
communication proplem is fundamentally soluble, the dependability of communication
may be assessed witn a consideration for the possible mutual orientations of the
transmitting and receiving antennas. The computations are usually made in several
stages, in each of which the values of the parameters and the designs are narrowed
down more specifically.

We will go through the motions of making a tentative assessment of the operating
frequency of communication as an illustration of the whole computation process.

Because there is an 2xpcnential term in the equations for propagation 1n a con-
ducting medium, electromagnetic communication is impossible at frequencies at which

* Maywell, E. L., "Atmospheric Noise From 20 Hz to 30 kHz," JOURN. RES. NB5, Vol 2,
No 6, 19867.
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Diagram 2

Sources of Electric Fields in an Aquatic Environment
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the depth of the skin layer in the medium is significantly lower than the range
of communication (or, in the case of a surface wave, lower than the total depth of
the source and receiver).

On the other hand the low information content typical of communication at low fre-
quencies and the usually observed decrease in the level of the electromagnetic
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background in water in response to growth in frequency indicate to us that it would
be unsuitable to use frequencies so low that the depth of the skin layer in the
medium would significantly exceed the range of communication (or, correspondingly,
the total depth of the source and receiver).

Consequently it would be suitable to select the operating frequency such that the
maximum communication range would be equivalent to several (three to five for .
example) skin layers in water. Correspondingly, in the case of a surface wave : .
the operating frequency must be such that the total depth of the receiving and
transmitting apparatus would be equivalent to two or three skin layers. Thus if
commands must be transmitted from a vessel to fishing gear located up to 400 meters
below the surface in ocean water, the specific electroconductivity of which is

4 ohm‘l‘m“l, then, considering that a skin layer of 100 meters corresponds here

to a frequency of 18 Hz, we can recommend this frequency as the one to be used.

In addition to. these considerations, when selecting the operating frequency of
communication we also account for the nature of the signal (for example, speech),
the need for suppressing the industrial frequency (50 or 60 Hz) and its harmonics,
and the possibilities and convenience of practical realization of the device.

Thus if we are dealing with weakly electric fish communicating in fresh water (the
specific electroconductivity of which is about 10-! ohm-! m-1) at ranges on the
order of several meters, frequencies on the order of hundreds of MHz would be the
most advantageous. But the known frequency range used by weakly electric fish
does not exceed units of kF:, which is apparently associated with the difficulties
of achieving high frequencies in biological structures.

We computed the parameters for several concrete systems on the basis of these
considerations.

They included a shipboard device to control apparatus mounted on a trawl (Figure 2),
a system permitting communication among SCUBA divers (Figure 3), and "shore-to-
water" and "water-to-air" communication systems. The computation results were
checked out by natural experiments conducted in the Sea of Japan. The parameters
of the systems are presented below.

For the shipboard device controlling appératus mounted on a trawl: communication

range--1 km, depth--up to 400 meters, operating frequencies--10-16 Hz, dipole -
moment--10,000 amp-°m.

For electrocommunication between:SCUﬁA divers: communication range--70 meters,

depth--up to 50 meters, operating frequencies--300 Hz to 2 kHz, dipole moment--

2 amp*m.

For "water-to-air" communication: communication range--200 meters, transmitter
depth--50 meters, altitude of reception point--70 meters, communication frequency--
300 Hz, dipolé moment--7.5 amp‘m.

For "shore-to-water".communication: communication range--2 Km, communication
depth--50 meters, working frequencies-~16 Hz to 2 kHz, dipole moment--1,000 amp-m.

These devices are now being introduced for practical use.
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Figure 2. Shipboard Device Controlling Apparatus Mounted on a Trawl
1. Transmitter 4. Electrodes
2. Cable 5. Receiver

3. Towed electrode

Figure 3.

Electrocommunication Between SCUBA Divers: I--apparatus,
2--leg-mounted electrode, 3--shoulder-mounted electrode
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Discussing the prospects and limitations of bionic modeling of fish electro-
communication systems, we should point out the following basic differences between
these systems and the underwater electrocommunication devices known today.

Biological electrocommunication involves distances commensurate with the dimensions
of the object invelved. At the location of a receiving partner, the electric

field is significantly nonuniform, and it is picked up by a large quantity of
electroreceptors located all over the body of the fish. 1In a technical application,
meanwhile, communication entails distances §ignificantly exceeding the dimensions
of the object involved, the field near the receiving partner is quasiuniform,
and the signal is picked up by dipole antennas. Fuller utilization of the spatial
structure of a signal and interference, and transition to dipole antennas from
multi-electrode receivers would be promising from the standpoint of solving the
most important problems of underwater electrocommunication, such as raising the
information content of communication, raising the signal to noise ratio, improving
electromagnetic compatibility, and improving interaction with other systems
(electric location and orientation systems).

On the other hand, in distinction from the situation in the biological world,
technical applicaticns permit the use of components with specifi¢ ‘electroconduc-
tivity significantly exceeding the specific electroconductivity of water--components
made of superconducting metals. Such components make it possible to employ con-
cepts that are inapplicable to living nature--that is, ones outside the scope of
bionic modeling. C

Modeling Electrolocation Systems

Active electrolocation is defined as registering changes in the electric field
produced by weakly electric fish due to distortion of this field by objects
characterized by conductivity different from the conductivity of the surrounding
medium. Almost all known weakly electric fish of both wave and pulsating species
have an electrolocation capability. It should be noted in this case that the

two basic taxonomic groups of weakly electric fish--African Mormyriformes and
South American gymnotids--reside in the turbid waters of rivers and streams.

The capability for detecting and discriminating between objects by means of an
electric field is a remarkable adaptation of a living organism to an environment
in which conventional visual orientation is difficult and often impossible. This
is precisely why a fish's electrolocation system, which to some extent substitutes
for the animal's vision, -epresents a new sensory system—-"electrovision".

The electrolocation functicn was first discovered in 1958 by G. Lissmann and

K. Meychin in a representative of the African Mormyriformes, Gyrmarhus piloticus.
Using a conditioned reflex technique, the scientists revealed that the fish are
capable of distinguishing between metallic and dielectric objects enclosed in "~
porous cases, and distinguishing between fresh and salt water contained in these
cases. It was also demonstrated that the distribution of the potential of the
electric field on the ‘surface of the fish's skin,.created by electric organ dis-
charges, becomes distorted when objects having electroconductivity different from
that of water come near the fish body. It was hypothesized that channel-like
structures located in the skin--mormyromasts--ars résponsible for picking up
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these distortions, and thus that they are electroreceptors--a new class of sensory
units discovered among representatives of the animal world. Numerous studies sub-
sequently performed*in this direction were devoted to the physiology and morphology
of electroreceptors and electric organs, as well as to the principles and mechanisms
of their joint work.

Figure 4. Active Electrolocation: I--central nervous system, 2--electric
organ command (triggering) center, 3--electroreceptors,
4--electric organ, S--object of detection, f--zlectric field
flux lines

Figure 4 provides a general diagramatic approximation of active electrolocation.

The field generated by the electric organ and distortions within it are picked up
by phasal electroreceptors located in the fish's skin (the density of electro-
receptors in some species attains 80 per square millimeter). Then information is
successively transmitted by a system of nerve tracts to different divisions of the
central nervous system. In addition to processing signals structurally associated
with the lateral lobes of the medulla oblongata, the central nervous system monitors
the work of the command center controlling the electric.organ. There are intra-
central associations directly associated with the electrolocation function . One

of them manifests itself as avoidance of jamming signals by changing the fundamental
carrier frequency of the electric organ's discharges.

Electroreceptor systems participating in active location must react in the best way

possible not to the electric field itself but to changes within it, thus manifesting
a capability for so-called relative sensitivity. The general functional character-

istics of any electroreceptor are:

passive conduction of electric current through the tissues of the electroreceptor
to the surface of the receptor cell;

*Bennett, M. V. L., "Electric Organs. Electroreception," in Hoar, W. S., and Randall,
D. J. (Editors), "Fish Physiology," New York, 1971; Protasov, V. R., "Bioelektri-
cheskiye polya v zhizni ryb " [Bioelectric Fields in the Life of Fish], Moscow, 1972;
Heiligenberg, W., "Principles of Electrolocation and Jamming Avoidance in Electric
Fish," Berlin-Heidelberg-~New York, Springer-Verlag, 1977.
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the activity of the receptor cell itself, expressing itself as generation of a
reception potential and synaptic transmission of a stimulus to nerve endings;

the capability for encoding signals in a form convenient for subsequent transmission
by an afferent fiber.

An adequate stimulus acting upon a receptor would consist of a potential difference
between the opening of the receptor pore on the skin surface and the basal membrane
of the receptor cell. The mechanism of action of the receptor is as follows:
Current generated either by an outside source or by the electric organ itself first
passes through the highly conductive tissues of the channel, and then through the
apical nonconductive membrane of the receptor cell, which acts as a high frequency
filter, .and through the basal membrane. If the voltage drop across it reaches

the absolute threshold, the cell generates a regenerative receptor potential, which
is responsible for activation of the nerve fiber innervating the cell. This activity
carries information on gradual changes in the electric current passing through the
receptor, and it is responsible for one of the types of codes carried by the fiber.

Mention should be made of the great diversity of information encoding methods

(four or five basic types are conditionally distinguished) correlating approximately
with this type of electroreceptor. The advantages of a particular type of encoding
used by fish are to a great extent hypothetical, though they are discussed in
detail in many papers. Incidentally, the large number of functional types of
electroreceptor units is obviously associated with the need for differentiating
their properties so as to permit their use in electrolocation and electrocommunica-
tion. In this case even receptor units intended solely for location are character-
ized by different adaptation times in relation to a varying stimulus, which indi-
cates that they are predisposed for detecting either motionless or moving objects.
Some phasal electroreceptors (the T-units of gymnotids) exhibit so-called phasal
sensitivity--that is, they respond differently to stimuli, producing either an
ohmic or a capacitive load of the same impedance. This is believed to be associated
with the capability fish have for identifying plant and animal objects which, as we
know, have significant capacitive properties.

Electrosensory information undergoes primary processing in the lateral lobes of
the medulla oblongata, when signals from a tremendous number of receptors covering
the entire surface of the animal's body experience temporal and spatial integra-
tion. Just at the level of the lateral lobes, a fish's sensitivity to objects
rises by about one order of magnitude in comparison with the sensitivity of a
single electroreceptor, which agrees with data from conditioned reflex experiments
performed to determine the threshold sensitivity of fish.

We can conditionally distinguish two directions in contemporary research on fish
electrolocation systems. The first concerns itself with the spatial aspects of
electrolocation and deals with the following problems:

investigation and numerical modeling of the geometry of fields generated by electric
- organs, and fields associated with introduced objects;

study of the spatial orientation of the electroreceptors with the purpose of re-
vealing how important it is to assessment of the dimensions of an object and the

range to it, and to precise determination of the object's conductive properties.
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The second direction is associated with the temporal aspects of electrolocation.
It deals with the following problems:

clarification of the way the rate or frequency of electric organ discharge
zffects whether or not the electrolocation system is optimum;

- investigation of the ways and means of functional differentiation of electro-
receptor units permitting their simultaneous participation in electrolocation,
_ using a single processing center in this case;

study of the electrolocation capability of fish in the presence of noise.

- The advances that have been made in both directions provide a sufficiently full
impression of the general peripheral phenomenology of fish electrolocation systems,
and thus allow us to construct its bionic model. It is also obvious that further
study of the mechanisms and principles of information processing in the central
nervous system will make it possible to significantly update this model.

In its physical interpretation, the problem of modeling fish electrolocation
systems boils down to building an electrolocation system which can detect an
object on the basis of the amount of distortion it creates in the primary electric
field, and to seeking optimum circuits for the emitting and receiving devices.
For practical purposes this problem should be divided into two. The first con-
cerns close-range electrolocation, or "electrovision", which permits detailed
identification of the object, to include its structure, shape, and dimensions.
Certain advances have already been made in this direction in our country by.

A. I. Bondarchuk (Minsk Radiotechnical Institute), but the resolution of his
system is satisfactory only when the array of measuring electrodes is located
right next to the object. The second problem, which will be examined below, con-

- sists of building a model capable of detecting objects at greater range. The first
step in this problem is to try to formalize the basic principle of electrolocation,
so0 as to permit sensitive assessment of the object size which the model could de-
tect and the ranges within which it can function.

Simple mathematical expressions may be obtained, for example, for the case of a
metal ball located within the field of a dipole emitter (Figure 5). If the
distance d from the emitter to the object is much greater than the lengthl of the
dipole and the diameter 2a of the ball being detected, a dipole approximation may
be used to describe the field of the emitter, and near the object the field itself
may be assumed to be uniform. If, moreover, the object is located on the axis of
the emitting dipole, then the intensity of the distorting field at the location

of the emitting antenna is

Il al
20, ~ ds -

E¢=

. In order to register the maximum difference of potentials, the measuring electrodes
must obviously be located as far apart as possible. But because the entire
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electrolocation model must obviously be contained within the same carrier and

- occupy a limited volume, the maximum spread between the measuring electrodes would
have to be limited to the length 7 of the emitting dipnle. 1In this case the
maximum potential difference bearing information about the object is

a3l?
=1 “Znc,d® -

Thus if prior to introduction of the object the potential difference at the
emitting electrodes was U (assuming no change in current), then after the object
is introduced, we observe an increment in the potential difference across the
electrodes, U;, which depends on the dimensions of the object and the distance
to it. It is easy to see that the term

asl?
. 2n5,d°

has electric resistance as its unit, and the inclusion of an object in the circuit
of the emitting electrode changes the external load K, defined by the value of
interelectrode resistance, by the amount

or 1
dﬁ:ﬁ NPT

Similar expressions may be obtained for any solid having a shape different from
spherical.

Figure 5. ' Emitting Electrodes 4 and B, Separated by Distance L, are
Contained in the Circuit of a Generator With an emf of &:
I--current in the emitting circuit; a spherical object of
detection with radius ¢ and its center at point ( is separated
from the emitting dipole by distance d; €--angle between dipole
axis and a radius-vector extended from the center of the dipole
to point C; g3, 02——specific electroconductivity of the medium
and the object
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In addition to a useful component bearing information on the object, dR would
also include all sorts of noise-producing fluctuations in electric resistance.
They include:

Fiuctuations in interelectrode resistance occurring due tc temperature changes
in the medium, changes in salinity, and so on;

noise-caused changes in electrode resistance associated with instability of the
double electric layer and fluctuations of electric potential;

noise produced by the motion of water masses, particularly by waves on the water
- surface.

The expression for U may thus be rewritten as:

asl? ,
Ul=l(m1d—,-}-dﬂ)'

where dR' represents the total noise-caused fluctuations of impedance. In this
case the maximum possible electrolocation range would be defined by the ratio
dR/dR', and it would not be affected by an increase in the power of the system,
as is the case in electrocommunication. 1In order to plan and tentatively assess
the possibilities of an electrolocation system, we would need to know the values
of all known noise parameters, and account for them.

One of the first systems based on this principle is a highly simple electrolocation
system* intended for installation aboard small vessels and yachts. Such a system
is capable of detecting underwater obstacles within a range equivalent to 1.5-3
vessel lengths, and determining the direction of their movement.

Research aimed at improving this electrolocation system involves theoretical and
experimental determination of all noise components. From the design aspect, this
means seeking optimum electrode systems characterized by minimum impedance fluctua-
tions.

As far as the prospects of bionic modeling of fish electric systems in general are
concerned, electrocommunication models are now the nearest to immediate practical
use in this vast area, and the most enticing direction is that of creating "electro-
vision", which would have great significance not only to engineering but also to
biology, cybernetics, and medicine.

* See Swain, W. H., "An Electric Field Aid to Underwater Navigation" in "IEEE Int.
Conf. on Engineering in Ocean Environment. Panama, Florida," Vol 1, 1970,
pp 122-124.

COPYRIGHT: _ Izdatel'stvo 'Nauka", "Vestnik Akademii nauk SSSR", 1981
[161-11004]

11004
CS0: 1840
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VERTICAL MICROSTRUCTURE OF THE THIN OCEAN SURFACE LAYER
Moscow DOKLADY AKADEMII NAUK SSSR in Russian Vol 256, No 3, 1981 pp 694-698

[Article by N. V. Vershinskiy, Yu. A. Volkov and A. V. Solov'yev, Institute of Phys-
ics of the Atmosphere USSR Academy of Sciences, manuscript submitted 2 Jul 80]

[Text] One of the tasks of the 29th voyage of the scientific research ship "Akad-
emik Kurchatov," carried out under the international FGGE program, was an invest-—
igation of the vertical structure of the thin surface layer of the Atlantic Ocean.
In the investigation use was made of a probe of a special design making measure-
ments as it rises to the surface [1,2]. Such a method makes it possible to obtain
the vertical distributions of the investigated characteristics near the ocean sur-
face with minimum disruptions of natural conditions.

The probe was supplied with a low-inertia temperature sensor and a sensor of fluc-
tuations of conductivity. The time constant of the temperature sensor was about

3 msec, which corresponds to approximately 3 mm vertically with a rate of movement
of the probe in a working regime of 1 m/sec. The resolution of the conductivity
sensor was 1 mm. The mean square noise level during the time of one sounding (~10
sec) was 0.0006°C for the temperature channel and 5.10~5 mho/m for the conductivity
channel. The zero drift of the temperature sensor between individual soundings was
+0.05°C, The conductivity sensor, due to the peculiarities of its design, made it
possible to register only relative changes in conductivity.

The measurements were made in July-August 1979 in two regions of the tropical zone
of the Atlantic Ocean: in the intertropical convergence zone (ICZ) and at the equa-
tor, in the zone of Trades circulation.

In the ICZ region a substantial influence of rain on the vertical structure of the
thin surface layer was registered when there was a weak wind. During periods of
calm weather intensive solar heating here frequently alternated with heavy rain. At
the ocean surface there was formation of layers of freshenmed (lighter) water, mak—
ing difficult turbulent exchange with the lower-lying water mass. In combination
with intensive solar heating this led to the formation of sharp density drops. In
the surface layer there was a rather complex pattern of vertical stratification.

The results of investigation of the patterns of daytime heating of the surface lay-

er of the ocean in the presence of a weak wind and in the absence of a rain [2-4],
as well as the availability of detailed information on the vertical distributions
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of temperature, salinity and density, made possible a rather reliable discrimina-
tion of the elements of fine structure forming due to daytime heating from the
stratification due to rain.

As an example, Fig. la shows the vertical distributions of temperature T, changes
in conductivity G, and on their basis, the computed vertical distributions of
changes in salinity S and conditional density 0¢ near the ocean surface on 27 Aug-
ust 1979 at 1033 hours, after a heavy rain. Judging from the degree of freshening
of the surface layer, about 60 mm of precipitation fell. The wind velocity, accord-
ing to data from standard meteorological observations, was U10= 0.5-2.6 m/sec.

- ~
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Fig. 1. Vertical structure of thin surface layer of ocean after rain (in neighbor-
hood of the ICZ).

The vertical distribution of salinity (Fig. la) shows the presence of freshening of
the surface layer of the ocean. Near the surface there is a quasihomogeneous (with
respect to salinity) layer (0-3.3 m), evidently forming as a result of occurrence
of nighttime thermal convection opposing stable salinity stratification.

Near the ocean surface there is a warm layer (0-0.8 m) forming as a result of morn-
ing heating due to the absorption of solar radiation (Fig. la). This wamm layer,

in turn, consists of a very thin daytime quasihomogeneous layer (0-0.4 m) and the
thermocline at its lower boundary (0.4-0.8 m). The vertical distributions of temper-
ature and salinity in the sector 0~0.7 m are reduced to a more expanded scale in the
upper right cornmer in Fig. la.

The evolution of the fine structure of the surface layer of the ocean as a result

of daytime heating is clearly traced in the vertical distributions of temperature
obtained during earlier and subsequent‘soundings carried out on the same day. In
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N particular, Fig. lb,c shows the vertical temperature distributions obtained at
1418 and 1802 hours respectively. The thickness of the daytime quasihomogeneous
layer at 1418 hours was about 0.4 m. The vertical temperature gradient at a depth
of 0.4 m attained 15°C/m. In the evening there was a deepening of the daytime
quasihomogeneous layer and a decrease in the temperature drop forming due to day-
time heating (Fig. lc). : y
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Fig. 2. Vertical structure of the thin surface layer of the ocean under nighttime
cooling conditions in the presence of a weak wind.,
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Fig. 3. Series of vertical distributions of conductivity ne.ir the ocean surface un~
der conditions of nighttime cooling in the presence of a weak wind.
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In the layer 3.3-4.2 m (Fig. la) there is a temperature inversion, evidently form-
ing as a result of nighttime convective cooling of the above-lying freshened layer.
The unstable temperature stratification in this layer is more than compensated by
the stable salinity stratification and therefore the corresponding distribution of
conditional density is stable.

In the layer with an inverse temperature distribution (3.3-4.2 m) there can be de-
velopment of layered convection due to the effects of double diffusion of heat and
salt [5]. This sector is shown at a more expanded scale in the lower part of Fig.
la. A stepped structure is rather clearly seen here in the vertical distribution of
salinity.

Stable Trade winds predominated during measurements in the equatorial polygon (July-
August). With a wind force not greater than 3 scale units near the ocean surface
there was formation of a very thin daytime quasihomogeneous layer and the thermo-
cline at its lower boundary. Corresponding conditions for this phenomenon in the
equatorial polygon (wind force <3 scale units) were observed during almost 34% of
the total time in July and 10% in August.

At nighttime when there is a weak wind near the ocean surface the formation of dis-
crete convective elements was observed. This phenomenon was investigated thoroughly
in laboratory experiments ([6,7] and others), but evidently was observed for the
first time under the natural conditions of the ocean.

Figure 2a illustrates one of the series of vertical temperature distributions in

the 10-m surface layer of the ocean obtained at nighttime on 11 August 1979 in the

equatorial polygon (01°40'N, 18°51'W). At the time of these measurements the wind

velocity was U= 3 m/sec. The total heat flow from the ocean surface was Qsurf & =170

n w/m2; the heat flow due to evaporation was Q1,2 -90 W/m2. The vertical temperature

- distribution revealed the presence of weak unstable stratification in the upper
meters, which was assoclated with cooling of the ocean through its free surface.

Figure 2b shows the vertical temperature distribution in the uppermost part of the

water layer and a synchronous record of the vertical distribution of conductivity.

These records evidently registered the moment of formation of a discrete convective
element in the upper centimeters of the ocean surface layer.

The vertical temperature distributions near the free surface of the water during the
formation of a thermal obtained in a laboratory experiment [7] had a similar form.

The vertical structure of the upper centimeters (Fig. 2b) was traced in particular
detail in the conductivity channel, having, as already noted, a better spatial res~
olution than the temperature channel.

The application of the Monin-Obukhov similarity theory [8] to the surface layer of
the ocean makes it possible to evaluate the characteristic scales of temperature Tx
and salinity Sx changes:

[Tr = surf] Ta= "Qﬂ/cppUu S- = F/pU,,

23
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300090046-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300090046-9

FOR OFFICIAL USE ONLY

where Uy is friction velocity in the water; F = -=(S/A )Qp is the salt flux due to
evaporation; S is salinity; A is the specific heat of evaporation; cp, P are spe-
cific heat capacity and water density respectively. For the dimensions of inhomo-
geneities greater than the internal scales of turbulent disturbances of tempera=
ture NT and salinity '23 [5] the ratio of the characteristic changes of conductiv-
ity due to temperature AGp and due to salinity AGS has the following form (in the
absence of freshening of the surface layer due to rain): .

[T = surf]

AGT/AGs = BrT,[BsS. = brACn/Bscp SOL,
where

Br=(3G/3T)s,p, Bs = (3G/aS)r,p.

For the conditions observed during the measurements, for example, on the night of
11 August 1979 in the equatorial polygon, the ratio AGT/AGS = 25, 75=0.07 mm, 77y
= 0.7 mm (the Ng and Mp evaluations are somewhat exaggerated due to the fact that
only the generation of turbulence due to buoyancy forces was examined).

Accordingly, in this case the chahges in conductivity for scales greater than 1 mm
for the most part must be related to temperature changes. These evaluations give
basis for using the vertical conductivity distributions for an analysis of the
thermal structure of the surface layer of the ocean during nighttime convection.

Figure 3 shows a series of 7 vertical distributions of conductivity obtained during
the dark time of day. The wind velocity during the measurements was U= 2 m/sec and
the heat flows from the ocean surface were Qg f~ -120 W/m2, Q= -60 W/m2. The ob-
served variability of the vertical distribution of conductivity in the upper cen-
timeters of the ocean surface layer is in accordance with the phenomenological
theory of free convection with large Rayleigh numbers [9].

llere, however, it must be taken into account that the period of cyclic convective
processes near the ocean surface for our case should be ~40 sec [9, 10] and the
horizontal scale should be about 1 cm [9]. The minimum time interval between two
successive soundings was several minutes. The drift of the vessel between two suc—
cessive soundings was tens of meters, Therefore, in each sounding there was reg-~
Istry of the vertical structure of a cyclic convective process in some random
stage.

An analysis of the vertical distributions is somewhat difficult due to the funda-
mental peculiarities of operation of the conductivity sensors near the water—air
discontinuity. In our case the vertical microstructure was conveyed without dis-
tortions beginning at a depth of 2 mm. Accordingly, the 'sector of vertical dis-
tributions of conductivity in the depth range from O to 2 mm was excluded from
consideration and is not shown in the figures. )

The vertical distributions obtaimed at 0543, 0603 and 0610 hours (Fig. 3) can be
interpreted as the stage of formation of the thermal boundary layer by means of

the molecular diffusion of heat. The thickness of this layer attained about 8 mm

in the vertical distribution obtained at 0610 hours. The vertical distributions
obtained at 0537 and 0550 hours evidently belong to the stage of a convective

surge destroying the forming thermal boundary layer. The vertical distributions ob-—
tained at 0557 and 0617 hours can be assigned to the stage of attenuation of the
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convective surge and the onset of formation of a new thermal boundary layer by
- means of the molecular diffusfon of heat.

7 The results of investigations of the fine structure in the tropical region of the
Atlantic Ocean confirmed the data available earlier for other regions [2,4]., New
data were obtained on the influence of rain on the microstructure of the surface
layer of the ocean. In addition, evidently for the first time in the ocean there
was registry of formation of discrete convective elements near the surface at
nighttime.

The authors express appreciation to V. V. Turenko for developing the electronic
circuitry of a conductivity sensor and to K. N. Fedorov and A. I. Ginzburg for
valuable comments.
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Novosibirsk MATEMATICHESKIYE MODELI TSIRKULYATSII V OKEANE in Russian 1980 (signed
to press 19 May 80

[Annotation and table of contents from monograph edited by G. I, Marchuk, academ—
ician, and A. S. Sarkisyan, doctor of physical and mathematical sciences, Izdatel'-
stvo '"Nauka", Sibirskoye Otdeleniye, 1250 copies, 288 pages]

[Text] Annotation. This monograph is devoted to the theory and methods of mathe-
matical modeling of oceanic circulations developed at the Computation Center of the
Siberian Department USSR Academy of Sciences. A number of formulations of the prob-
lem of ocean dynamics are considered, their resolution is investigated and effective
algorithms are proposed for their realization. Much attention is devoted to dif-
ference schemes and methods for solving the formulated problems. The results of
computations of hydrothermodynamic fields are given and analyzed for individual

seas and oceans and for the world ocean as a whole. The book is of interest for
specialists working in the field of computational mathematics, hydrodynamics,
oceanology and meteorology.
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MATHEMATICAL MODEL OF GENERAL CIRCULATION CF THE ATMOSPHERE AND OCEAN
Moscow DOKLADY AKADEMII NAUK SSSR in Russian Vol 253, No 3, 1980 pp 577-581

[Article by G. I. Marchuk, academician, V. P. Dymnikov, V. B. Zalesnyy, V. N. Lyk-
osov, N. M. Bobyleva, V. Ya. Galin and V. L. Perov, Computation Center, Siberian
- Department USSR Academy of Sciences, Novosibirsk, maauscript submitted 6 Mar 80]

[Text] The problem of creating mathematical models of general circulation of the
atmosphere and ocean is evidently one of the central problems in solving the
problem of long~range forecasting of weather and climate and its change. In this
article we examine a three-dimensional model of circulation of the atmosphere and
ocean is one of the possible variants implemented on the basis of a complex of al-
gorithms and programs developed at the Computation Center USSR Academy of Sciences.
This complex makes it possible to formulate models with different levels of com
Plexity: atmospheric circulation with a stipulated temperature at the ocean sur-

- face [1], oceanic circulation with a stipulated temperature at its surface [2],
atmospheric circulation with involvement of the upper quasihomogeneous layer of
the ocean [3], etc.

1. The system of differential equations describing the joint macroscale circulation

- of the atmosphere and ocean is conveniently represented in the form of two main
Parts describing atmospheric and oceanic movements respectively. The equations of
atmospheric hydrothermodynamics are formulated in a spherical coordinate system
OApo (the O-coordinate is used vertically [i, 3])

du (1 . u \ :> s 1 (aw . RT an) F, )
—_ - — Ut —— | — — T om———
dt a v acosy \ A m oA 4 @
dv u 1 /8¢ RT on F,
=t lt—tgy ) u+—( = + = —2) =2,
dr a a\dp "0y n
an 1 am¢  dmv cos 0 b
- ———+—»-——‘p>+—nd=o' - — O—I=o
8f acosy \ A\ dyp do a ’
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dT RT

. an u an v an>] Ve
s | ot —t o — t — — = - +te,
dt cy0 [ d acosg N a dp a (1
dg F,
~2= 2 _(C-E),
i n
oc=0, &- & with o'= 1, &= 0 with O’= 0. 2

In the A, ¢ coordinates use is made of the condition of periodicity of the solu-
tion u=u®, v=0®, g=g T=T7O, =4, (3)
The model of dynamics of the ocean [4] is formulated in a spherical coordinate
system OApz:

ou 1 9y 9 ou

—_— -l = - s et Fy

ot acosy O\ 0z 0z

dv 1op o v ap

PoedBobton T

] adyp & 0z 4 (%)

1 9 v ¢ aw
(o, 2oy 2 Ly o 0

acosy \ dX dy 0z

dT @ aT . AT @
— T —— P —— R = .
dt 9z T oz kT p=rp

The boundary conditions are:

N or ~ .
WTpEO, o= 0 in Sp,
9 v 1,
w=07 y—u-= -T—N‘ Po—= --—Y; (5)
dz Po z Po with z = 0,
ar ¢ dH u H v H
vp— =07, =—, yp— = —Rfudz v-—=-RJuvdz,
T az Or W dt 0z { oz 0
BT_
'a_n—,_‘ - with z = H,
(6)
u=u®, v=1*, T=T° with t = 0O,

The notations used here and the form of the operators and functions on the right-
hand sides of (1), describing the processes of radiation, convective and phase in-
fluxes of heat, as well as the dissipation and diffusion of emergy in the
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atmosphere, are given in [1-4]; we note only that $2in (4) 1s a cylindrical re-
- glon of determination of the solution (4)-(6) with a lower base equal to the in-
tersection of the surfaces {0= 1}/ {z = 0} and the lateral surface Sp.
- 7%

-
_ R
/

a By v N
N .40 90 20 a7 20 o 60§

- Fig., 1. Zonally averaged distribution of ocean' surfacée temperature. The solid curve
gives the results of computations; the dashed curve represents actual data.
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Fig. 2. Temperature of ocean surface. Results of computations.

Interacting with one another, the atmosphere and ocean exchange heat, moisture and
moment of momentum. The temperature at the ocean surface is computed from the ther—
modynamic equation; it is assumed that the upper quasihomogeneous layer in the
ocean has a constant depth ~100 m. The heat flux from the atmosphere into the

- ocean is determined as the residual term in the equation for the heat balance at

the ocean surface, including the terms describing thé radiation balance, turbulent
flux of heat into the atmosphere and expenditures of heat on evaporation. Since in
this experiment no consideration was given to the equations of dynamics of salinity

30

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300090046-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300090046-9

FOR OFFICIAL USE ONLY

- in the ocean, in the mechanism for the exchange of moisture between the atmosphere
and ocean we took into account only the terms describing the molsture flux from the
ocean surface into the atmosphere and the flow of moisture from the land into the
Ocean. The exchange of the moment of momentum occurred by the use of the compouents

- of the surface frictional stress, computed in the atmospheric model, as the upper
boundary condition for the equations of ocean dynamics. The method proposed in [5]
was used for the artificial synchronization of the times of thermal relaxation
of the atmosphere and ocean. :

Zm/c m/sec

0x6xJ
150 -
ot
£ 3§
g §Joﬂ
7 9
g S 5
o Y
| 3
- a \\d/_Jf\
s} ’
/ - -
IN NN
N 4 80 174 20 J 20 17/ 60 80 S

Fig. 3. Zonally averaged u-component of velocity vector.

3. The numerical algorithm for the solution of problem (1)-(6) is based on use of

- its finite-difference discretization in space variables and a combination of two
types of the splitting method for application in the time coordinate. The selected
strategy for solution of the problem, having a number of advantages from the point
of view of effectiveness and stability of the computations relative to the usual-
ly employed algorithms [5, 6], imposes more rigorous limitations on the properties
of the discrete analogue of the problem operator (for example, the properties of
skew-symmetry or positive determinability of the difference operators in each
splitting interval). Adherence to these requirements will increase the stability
of the global computation system and the choice of the time integration interval
in this case is related only to the natural approximation conditions. In the model
successive use is made of the method of splitting with respect to physical process-
es and in geometric coordinates. In this connection systems (1-3) and (4-6) are re-
duced to a systematized evolutionary form [4]. In each time interval there is sep-
arate examination of the transfer and adaptation (splitting with respect to physical
processes) equations; in the transfer stage use is made of further splitting of the
three-dimensional operator of the problem in space variables.,

4. A numerical experiment was carried out for computing the joint circulation of
the atmosphere and ocean with input data corresponding to the winter period for

the northern hemisphere. Mean January solar declination, the boundary of sea ice,
cloud albedo and albedo of the ocean surface were stipulated. The smoothed relief
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of the earth's surface was introduced. The computational parameters of the model
were: in the atmosphere At = 40 min, AA = 10°, A¢= 6°, 3 levels in the O’—coor-
dinate; in the ocean At = 2 days, AA = A9 = 5°, 4 levels in the z~coordinate.
The experiment consisted of two stages. First with a fixed temperature at the
ocean surface we separately computed atmospheric and oceanic circulation for the
periods corresponding to quasi-equilibrium regimes in the atmosphere and ocean
and then we carried out computations of the joint circulation for 11 "oceanic"
years, which for the atmosphere is a time of about two months. We will cite some
results of a numerical experiment.

E: ‘
- i

145204001
G2

=

714 i L L
120 5 ] 0 120 180

Fig. 4. Distribution of moisture reserves in the soil (W): 1) W<0.5 cm; 2) 0.5&W
$£5em; 3) W>5 cm; 4) snow line.

The principal parameter determining the influence of the ocean on atmospheric cir-
culation, as is well known, is the temperature of the ocean surface. Figure 1
shows the zonally averaged distribution of ocean surface temperatur:¢ obtained as

a result of computations (solid curve) and constructed on the basis of actual data
(dashed curve). The field of ocean surface temperature is shown in Fig. 2. It can
be seen that as a result of the computations there was found to be a general cool-
ing of the ocean in the nmorthern hemisphere and in the tropics and heating in the
middle and southern latitudes of the southern hemisphere. A result was a decrease
in the latitudinal gradient and temperature in the atmosphere, which led to reduc-
ed energy values in the long-wave region. We note the local minimum of ocean sur-
face temperature in the tropics caused by the equatorial upwelling. The distribu-
tions of temperature, humidity and dynamic characteristics in the atmosphere are
quantitatively extremely similar to the distributions obtained during the modeling
of the atmosphere with a fixed temperature at the ocean surface [1].
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We should note some decrease in the eddy flows of heat, moisture and moment of
momentum in a poleward direction and the southward displacement of the tropical
zone of precipitation by approximately 10°, caused by the displacement of the
surface temperature maximum. As an example, Figures 3 and 4 show the zonally av-
eraged field of the zonal wind component and the resulting distribution of moisture
reserves in the soil, It is easy to note that the model as a whole reproduces well
_ the arid and moistened zones on the continents. It is interesting to note that

India is reproduced as an arid region since the winter monsoon does not carry mois-
_ ture. In general it can be assumed that the model reproduces quite well the prin-

cipal climatic characteristics of the real atmosphere and ocean and can be used

for the purposes of study of the physical principles of climate and its changes.
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POSSIBILITIES OF SUMMATION OF REFLECTED SIGNALS IN SEISIIHC PROFILING SYSTEMS
Moscow OKEANOLOGIYA in' Russian Vol 21, No 1, Jan-Feb 1981 pp 180-182

[Article by G. N. Lunarskiy, Institute of Oceanology imeni P. P. Shirshov USSR
Acadeny of; Sciences, manuscript submitted 14 Dec 79, resubmitted after revision
21 Apr 80] '» )

[Text] Abstract: The article briefly describes the
circuits of summing.amplifiers ,for systems
for:single~channel continuous seismic profil-
ing. The amplifiers ensure the summing of sig-
nals from two strings of piezoelectric detec-
tors towed on different sides of the ship,
which makes possible some increase in the sig-~
nal-to-noise ratio.

Single-channel continuous seismic profiling (CSP) has come into wide use due to
the high degree of mobility and the relative simplicity of the systems ensuring
operation by this method. Despite the diversity of CSP systems, they have much
in common, which unifies them and leads to a greater similarity of the methodo-
logical peculiarities related to operation. The different modifications of the
systems differ from one another for the most part with respect to the type of

source of elastic wave pulses and the electric current source employed. The re~
ceiving parts of the systems to a considerable extent are the same [1-3, 5, 6].

The advantage of single-channel systems for continuous seismic profiling is that
their use is possible on many ships without imposing special requirements on them
(presence of special equipment, etc.). It is possible to use virtually any ships
having sufficient room for the placement of the component parts of the system and
having appropriate sea-going qualities.

At the same time, the possibility of extensive use of continuous seismic profiling
systems has its peculiarities associated with the characteristics of the vessel

and operating conditions. For example, many vessels have a limited range of speeds
or their operation is disadvantageous at a reduced speed when the continuous seis-—
mic profiling system can ensure maximum efficiency (depth of penetration). Under
such conditions interference can have a high level and be caused by different fac-
tors. In this case reference is to the influence of interference associated with
working mechanisms on the ship and towing of the strings of piezoelectric detectors.
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In order to lessen the influence of these factors and increase the signal-to-noise
ratio (which leads to an increase in the effective depth of the investigations) in
many cases special measures must be taken. In addition to the use of vibration ab-
sorbers, shock~-absorbing elements, special materials, fairings, booms, etc., use is
sometimes made of a reception system consisting of two strings of piezoelectric
detectors with identical parameters which are towed on different sides of the

ship and at different distances from it.

The signals from the two strings of piezoelectric detectors are summed by means of
special amplifiers whose electrical circuits are shown below. One of them is con-
structed using a microcircuit and the other is constructed using ordinary compon-
ents,

In the circuit which is shown in Fig, 1 summation is accomplished using transform-
ers whose secondary windings are appropriately connected. This circuit has low re-
sistances and provides for the use of strings of piezoelectric detectors in which
a matching transformer is used [3].

n-6B
0,0, - 0103 160x
- —o 10K
>____4,: (o s Bux.Output
Input 1 Bx.7 »© :;5, Vg Y <
Ld3- Ly
)———l—_l—'T ] . +6B v
In Bx.2 z~B| 43
put 2 — .{ P U aan
L‘ ==

Fig. 1. Electrical circuit of summing amplifier with low-resistance inputs ensur-
ing possibility of balancing the connecting lines from the strings of piezoelectric

detectors.
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Fig. 2. Electrical circuit of summing amplifier whose input resistances can vary in
a wide range.
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The primary windings of the transformers are symmetric, which ensures the possibil-
ity of use of a symmetric line (cable) for connecting strings of piezoelectric de-
tectors with the recording apparatus. In some cases this makes it possible to re-
duce the background of the interference assoclated with induction from force fields
created by electrical equipment and the ship's apparatus. With balancing of the in-
put the midpoint of the primary winding is connected to the housing. Figure 1 shows
an asymmetric input. A screen is placed between the transformer windings. The
transformer parameters are dependent on the data for the matching transformer,
which is placed in the string of piezoelectric detectors. In this case the trans-
formation ratio is selected equal to 10, The presence of transformers at the am-
plifier input makes the circuit very responsive to external fields and therefore a
good magnetic screen is required. The secondary windings are connected in series
- with allowance for the summation of signals coinciding in frequency and phase. A
capacitor is cut in for lessening the influence of high-frequency induction. Pro-
tection of the circuit against damage in the event of random arrival of great wvol-
tages at the amplifier input is ensured by means of diodes. An operational amplif-
ier (K284UD1A) ensures the necessary additional amplification. The required am-
plification level 1s established by means of feedback resistors, The summator pass-—
band with the data indicated in the circuit is 30-2500 Hz. The upper frequency is
iimited by a correcting capacitor of the operational amplifier, whereas the lower
frequency is determined by the parameters of the input transformers of the summa-
tor and the characteristics of the string of plezoelectric detectors.

The total amplification with the feeding of cophasal signals with a frequency of
100 Hz to the input, taking into account the transfer coefficients of the trans-
formers, is 2000. The noise voltage, reduced to the input, does mot exceed 0.2-0.3
PV, In this case the influence of the amplifier noise is decreased due to the
transfer coefficient of the transformers.

Figure 2 shows another summator circuit. It contains no transformers, whose fabri-
cation frequently involves technical difficulties. Summation is ensured by the ad-
dition of signals of the same phase in a common resistor of the discharge load of
the input stages in the field .transistors. An identical amplification factor of
the stages can be obtained by careful choice of the resistors for the incoming
current. The use of field transistors makes it possible to obtain a low noise
level and affords a possibility for varying the input resistances of the summator
in a-broad range. This requires that resistors of a corresponding value be cut in
at the inputs, ’

The necessary additional amplification is ensured by two stages and an emitter fol-
lower is cut in at the output. In order to limit the frequency characteristic in
the direction of the low frequencies, which are characterized by an increased noise
level, it is desirable that the input resistance of the amplifier be decreased,
cutting in additional resistors at the input. The choice of these resistors is
governed by the output resistance of the string of piezoelectric detectors. If a
small number of pressure detectors is used in it, and the output resistance-is
great, these resistors are excluded. P /
The amplification of the circult shown in Fig. 2 is 2000 if two cophasal signals
are fed to the appropriate inputs. The noise voltage, reduced to the input, is
1—2}LV if the 1nput transistors are carefully selected. The frequency band falls i
in the range 20-2000 Hz.
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The two amplifiers were checked under expeditionary conditions and good results
were obtained.

The use of two strings of piezoelectric detectors in the CSP process, each being
towed on different sides of the ship, makes possible some reduction in the noise
background and an increase in the signal-to-noise ratio, which favors an increase

4,

5.

6.

in the effective depth of the investigations.
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TERRESTRIAL GEOPHYSICS
UDC 550,34

SEISMIC INVESTIGATIONS OF THE LITHOSPHERE IN THE PACIFIC OCEAN

Moscow SEYSMICHESKIYE ISSLEDOVANIYA LITOSFERY TIKHOGO OKEANA in Russian 1980 (sign-
ed to press 28 Oct 80) pp 2-5, 206-207

[Annotation, introduction and table of contents from book "Seismic Investigations
of the Lithosphere in the Pacific Ocean", by Sergey Mitrofanovich Zverev and Nat-
aliya Konstantinovna Kapustyan, Izdatel'stvo "Nauka", 600 copies, 208 pages]

1
[Text] Annotation. The authors of this book examine new results, methodological
problems and ways to increase the effectiveness of seismic investigations at sea,
and also the problems involved in comparing data when using modern reception meth-
ods: hydrophones and three—component bottom seismographs. The results of a detail-
ed interpretatior of wave fields registered in the northwestern and central parts
of the Pacific Ocean are presented, as well as new information'_pq‘_ lithospheric
structure. On the basis of an analysis of original and publishéd data the book
glves a new generalized seismic model of the crust of an oceanic type.

The book is intended for geologists and seismologists.
Tables 10, figures 108, references 151 (pp 197-204)

Introduction. Seismic methods play a highly important role in investigation of the
sedimentary cover, the consolidated earth's crust and upper mantle, that is, the
lithosphere of the oceans. Data on the structure and velocity parameters of these
layers are of decisive importance both for creating theoretical concepts concern-
ing the origin and development of the oceans and for such strictly practical prob-—
lems as an evaluation of the prospects for the production of minerals on the floor
of the seas and oceans. Precisely the practical aspect of the problem led to a
rapid development of the method and techniques for geophysical investigations at
sea.

Against a background of relatively great volumes of schematic investigations of the
earth's crust in the oceans by the refracted waves method, individual examples have
now appeared of the use of new methodological procedures in the ocean which are
partially based on the introduction of seismic prospecting methods and partially
related to the development of specific investigations of the oceanic lithosphere.
These new methodological procedures in the long run in some cases will lead to new
directions in research and fundamentally new results. The use of self-contained
bottom seismic stations have broadened the possibilities for deep seismic sounding
(DSS) of the earth's crust in the oceans. Detailed observations with full systems
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and long travel-time curves of refracted waves made it possible to clarify the
fine structure of the crust of oceanic basins and additional high-velocity dis-
continuities in the part of the ocean mantle above the asthenosphere. The use of
the reflected waves method in the common deep point method made it possible to es=~
tablish a complex undulating character of the principal discontinuities in the
earth's crust and their variability and to determine the details of structure of
such complex zones as abyssal trenches in the ocean.

Many of the enumerated methodological innovations have been used in a study of the
- oceans by Soviet scientists from different organizations, including from the Inst-
itute of Physics of the Earth imeni O, Yu. Shmidt USSR Academy of Sciences. From
the very beginning the deep seismic sounding method at sea, carried out by the In-
stitute of Physics of the Earth, differed from schematic foreign investigations
in having a close tie~in with surface investigations on the continents. Hence
the broad use of full system: of observations, land-sea observations, extensive
areal investigations of complex zones. On the whole these results are far more
saturated with information and are more reliable than the large~scale but schem-
atic observations of foreign investigators which have frequently been based on
individual short travel~time curves. The close connection to land seismic invest—
igations is also expressed in the interpretation method, which is more complete
and which is based both on the kinematics of systems of counter and overtaking
travel-time curves, as well as the dynamics of the principal waves, developed at
the Institute of Physics of the Earth by the school of G. A. Gamburtsev and I. S.
Berzon.

The great volumes of investigations carried out by the Institute of Physics of the
Earth in the oceans were concentrated in complex zones: the transition zone from
the Asiatic continent to the Pacific Ocean, Sakhalin-Hokkaido-Primor'ye zone, in
the North Atlantic (near Iceland), in individual polygons in the Pacific Ocean;
all this also exerted an influence on approaches to methods for making observa-
tions and interpretation of materiais.

This monograph includes materials having primarily methodological importance for -
the development of seismic methods for investigating the earth's crust and deeper
parts of the lithosphere in the oceans.

Chapter 1 in the monograph examines the conditions for the excitation of seismic
waves by means of explosive shots and pneumatic sound sources. In the case of
shots, theoretical estimates are given of the parameters, their seismic effect-
iveness is determined and theoretical and experimental data on the frequency and
amplitude characteristics of the excited seismic waves are compared. The possibil-
ity of theoretical estimates of the source intensity makes it possible to predict
the absolute level of the excited seismic waves of a known nature. This opens up
the possibility of using the absolute level of the amplitudes of seismic waves as
an additional criterion in establishing their nature.

Nonexplosive sources are examined from the point of view of their intensity and

operating stability. Special investigations show that under definite controlling
_ conditions pneumatic sources can give an extremely stable pulse, which makes them

promising not only for investigations of the structure of the upper part of the

39
FOR OFFICIAL USE ONLY .

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300090046-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300090046-9

FOR OFFICIAL USE ONLY

earth's crust, but also for the accumulation of signals, necessary in a study of
the deep layers of the earth's crust and the top of the mantle.

Chapter II gives an analysis of the peculiarities of registry of seismic waves in
the ocean by hydrophones and seismographs. A gemeral solution was obtained for

the relationships between all the pressure and other components involved in velo-
city of displacement of particles, in the simplest case known earlier. On the

basis of a study of these relationmships it was found to be possible to study the
seismic properties of the upper part of the section. The chapter gives the results
of processing of experimental data obtained using a three-component bottom station
and a hydrophone in different regions of the ocean. Also included is a summary of
experimental data on the use of a hydrophone and seismic detector in the registry
of seismic waves in the ocean and op the effectiveness of different observation
methods in deep seismic investigations of the lithosphere (using bottom statioms,
self-contained drifting buoys, from submarines). An evaluation of the effective-
ness of different observation methods makes it possible to indicate the principal
technical solutions for investigating the oceanic lithosphere. These are drifting
buoy stations for reconnaissance investigations and schematic study of the earth's
crust (using explosive shots and pneumatic sources) and bottom stations when making
more detailed investigations with full observation systems and study of great depths
in the lithosphere.

A considerable part of the monograph (Chapter III) is devoted to an analysis of
wave fields excited by shots and pneumatic sources in a study of the oceanic lith-
osphere. Material from detailed investigations of the floor of the northwestern
part of the Pacific Ocean is set forth in detail. In these investigations for the
first time it was possible to obtain reliable data on the presence of a high-velo-
city discontinuity in the upper mantle below the Mohorovicic discontinuity. An an-
alysis of the kinematic and dynamic characteristics of the wave fields made it pos-
sible to:determine the nature of seismic waves and to carry out a separation of the
earth's crust and upper mantle into blocks in which there is a change in the seis-
mlc parameters determining the dynamics of the,waves. Typical examples of the reg-
istry of waves in the regions of the initial and limiting points were obtained.

- One section gives representative examples of seismograms, travel-time curves, am-
plitude and frequency curves, enabling the reader to compare them with his own
data. -

The chapter describes seismic wave fields for the regions of Marcus Island and

. Eauripik Plateau (western part of the Pacific Ocean). These investigations, carried
out jointly with American and Japanese scientists, are characterized by the simul-
taneous use of three-component bottom seismic detectors with surface hydrophones
of radiobuoys and also spatial observation systems. A peculiarity of ome of the
sections 1s the discrimination of a new layer at the bottom of the oceanic earth's
crust characterized by a velocity of 7.6 km/sec.

The results of analysis of experimental data, together with published data on the
principal parameters of the oceanic lithosphere, made it possible in Chapter v

of the monograph to examine theoretical wave fields for a generalized seismic model
of a crust of the oceanic type -- the crust of abyssal oceanic basins -- the
simplest and most widely occurring structural form in the ocean. According to mod-
ern data, the oceanic lithosphere typically is substantially more stratified than
was assumed earlier: the sediments'and second layer can be subdivided into several
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intercalations; a new high-velocity layer (velocity more than 7.4 km/sec) is
stably present at the bottom of the crust above the Mohorovicic (M) discontin-
uity. The region of transition from the crust to the mantle can be described
both by a quite simple law of change of velocity with depth and can be repre-
sented by a complex thin-layered inversion zone. In the upper mantle there can
be an additional high-velocity boundary under the M discontinuity. Computations
of synthetic seismograms and a detailed interpretation of the kinematic and dy-
namic characteristics of theoretical wave flelds were carried out for the enum—
erated new data on structure of the lithosphere, reflected in a generalized seis-
mic model at a modern level. On this basis recommendations were given on a meth-
od for formulating and carrying out a modern seismic experiment intended for a
detailed investigation of structure of the oceanic lithosphere.

The final section in the monograph (Chapter V) is devoted to an examination of
modern concepts concerning the lithosphere in the Pacific Ocean and the prospects
of its study.

TABLE OF CONTENTS
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PHYSICS OF ATMOSPHERE

MODELING OF PHYSICAL PROCESSES IN THE POLAR IONOSPHERE

Apatity MODELIROVANIYE FIZICHESKIKH PROTSESSOV V POLYARNOY IONOSFERE in Russian 1979
(signed to press 15 Dec 79) pp 141, 143-147

[Table of contents and abstracts from collection "Modeling of Physical Processes in
the Polar Ionosphere', edited by Ye. A. Mikhaylova, Uchastok Operativnoy Poligrafii
Ordena Lenina Kol'skogo Filiala im. S, M, Kirova AN SSSR, 250 copies, 147 pages]
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Abstracts
UDC 550.388
DYNAMICS OF THE POLAR IONOSPHERE
[Ab;tract of article by Mizun, Yu. G.]

[Text] This is a review of dynamics of the polar ionosphere. The author gives
basic experimental information on movements of electron-ion and neutral gases in
the high latitudes. Also considered are the physical reasons for the movements.
The role of the dynamics of the polar ionosphere in the distribution of the elec-
trdn concentration in the high latitudes is discussed. Figures 17, references 66.

UDC 550.338.2
MODELING OF THE HORIZONTAL STRUCTURE OF THE POLAR IONOSPHERE

[Abstraét of article by Vlaskov, V. A., Mingalev, V., S., Mingaleva, G. I., Mizun,
Yu. G., Parfenova, T. A.]

[Text] The problem of modeling of the horizontal structure of the polar ionosphere
is considered on the basis of solution of spatially one-dimensional nonstationary
systems of equations with allowance for the convection of plasma. With stipulated
models of electric fields, neutral winds and fluxes of auroral particles the auth-
ors have obtained the distributions of the electron concentration at different lev-
els in the ionospheric F layer. It is shown that different models of the electric
field, all other conditions being equal, give quantitatively different distribu-
tions of the electron concentration. Figures 6, references 19.

UDC 551.510.535
HEATING OF IONOSPHERIC PLASMA AS A RESULT OF ELASTIC COLLISIONS OF PARTICLES
[Abstract of article by Mingaleva, G. I.]
[Text] A study was made of heating of ionospheric plasma as a result of elastic col-
lisions of particles caused by the great relative velocities of components of the
gas mixture. The examination is made for two models' of particle interaction: Max-
- wellian molecules and small solid spherules. The investigation is made by numerical

solution of a system of modeling equations dependent on time, consisting of the
thermal conductivity equations for ions and electrons. Figures 2, references 8.
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UDC 550. 388

MODELING OF CONDITIONS IN THE MAGNETOSPHERE AND IONOSPHERE DURING SUDDEN
COMMENCEMENTS OF WORLD GEOMAGNETIC STORMS

[Abstract of article by Osepyan, A. P., Smirnova, N. V.]

[Text] On the basis of spectra of trapped electrons measured on the 0GO-3 satellite
in the nighttime magnetosphere with Kp = 0-2 at the L~shell corresponding to the
latitude of Loparskaya observatory (L = 5,3) and values of the field jump AB caused
by SC, the authors have computed the differential spectra of trapped electrons in
the equatorial plane of the magnetosphere and the spectra of leaking electrons at
an altitude of 100 km with different particle lifetimes TL. For these spectra the

- article gives computations of the rate of ion formation and using a simplified six-—
ion model of the D-region the electron density profile and absorption are determin~
ed, The resulting absorption values are compared with the absorption measured at
Loparskaya ( € = 64.3 N, /A= 115.6°) during SC. For cases of satisfactory agreement
with experimental data it was possible to determine the coefficients of diffusion
of electrons by pitch angles D, which are compared with the D values obtained under
similar conditions in the magnetosphere by other methods. Figures 4, tables 2, ref-
erences 27.

UDC 550.338.2
ELECTRIC FIELDS AND NEUTRAL WINDS IN THE HIGH-LATITUDE IONOSPHERE
[Abstract of article by Vlaskov, V. A., Mingalev, V. S.]

[Text] This article is devoted to an investigation of the electric field and velo-
city of the neutral wind in the high-latitude ionosphere during the period of de-
velopment of a disturbance, It is shown by a comparison of ionosonde data with the
results of model computations on an electromic computer that the zonal component of
the electric field has a different sign inside and outside the auroral oval, where-
as the meridional component of the neutral wind changes its sign with transition
from the equinox to summer. Figures 2, references 6.

upC 551,510,535
ROLE OF MECHANISMS OF COOLING OF THERMAL ELECTRONS IN THE POLAR IONOSPHERE
[Abstract of article by Mingaleva, G. I.]

[Text] This investigation 1s devoted to a study of the role of different mechanisms
of cooling of thermal electrons in the polar ionosphere assoclated with their in-
; elastic interactions with neutral particles., The author studied the mechanisms of
| cooling of thermal electrons associated with the transfer of energy to the rota—
: tional and vibrational excitation of neutral molecules and also to electron and
fine-structural excitation of neutral atoms, The investigation is made by numerical
solution of a time~dependent system of modeling equations consisting of the contin—
uity equation for charged particles and the thermal conductivity equations for ioms
and electrons., Figures 4, references 3.
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UDC 551.510.535
ATOMIC OXYGEN IN THE DISTURBED HIGH-LATITUDE IONOSPHERIC D-REGION
[Abstract of article by Smirmova, N. V., Vlaskov, V. A.]

[Text] A study was made of the role of atomic oxygen O in the ion chemistry of the
nighttime high~latitude D~region. The authors evaluate the influence of different
[0](h) models on the ion composition and profile of electron concentration in the
D-region. A justification is given for using a model of increased concentrations of
atomic oxygen under the disturbed conditions of leakage of high—energy particles. It
is shown that the decrease in the relative content of positive ionic bonds observed
under disturbed conditions can be attributed to the simultaneous decrease in the
effectiveness of both channels for the formation of ionic bonds from Not and O+2
ions with increased concentrations of atomic oxygen. On the basis of the results

of computations using a Mitra six-ion scheme for specific polar absorption, AA and
SC events it is concluded that in order to describe the behavior of the nighttime
high-latitude D-region under conditions of different degrees of disturbance it is
necessary to use different [0](h) models. For example, for the reproduction of
slightly disturbed conditions good results are given by a model of small [0](h),
whereas for the reproduction of more disturbed conditions -- a model of high [0](h).
Figures 5, tables 4, references :29.

r

s ‘: " P UDC 550.388.2

EFFECTIVE COEFP"ICIENT OF LOSSES UNDER POLAR ABSORPTION CONDITIONS
[Abstract of article by Petrova, G. A.]

[Text] This is a review of existing models of the ionization-recombination cycle in
the ionospheric D-region. Using data from measurements of the intenmsity of the pro-
ton flux on satellites it was possible to carry out computations of the profiles of

= the rate of ion formation for three polar cap absorption events: 5 February 1965,
25 January 1971 and 2 September 1971. The determined rates of ion formation, and
also the electron density values restored on the basis of measurements of riometer
absorption at a number of frequencies at Loparskaya station were used in computa-
tions of the altitudinal profiles of the effective coefficient of losses Y, The
resulting profiles agree well with the ¢ profiles-obtained on the basis of rocket
measurements of electron density. Figures 3, references 24.

UuDc 62-501

EVALUATION'OF' THE EFFECTIVENESS‘ OF A CRITERION FOR A GIVEN AURORAL CLASSIFICATION
[Abstract of article by Ivaan,'quA.] .
[Text] The author proposes a ctiterion chatact%ri@ing the quality of the indicators
in a stipulated set, computed’using a matrix of the ‘closeness between objects in

a teaching sample. The article déscribes an algorithmfor optimizing the criterionm,
based on the random search method. A program for an electronic computer in which
the proposed criterion and algorithm are e@bodied can be used 'in choosing indica-
tors for characterizing geophysical situations. References 8.
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UDC 550.388.2

CHARACTERISTICS OF FLUXES OF ELECTRONS BACKSCATTERED BY THE EARTH'S ATMOSPHERE
IN THE ENERGY REGION OF PRIMARY ELECTRONS 0.1-1 KeV

[Abstract of article by Ivanov, V. Ye.]

[Text] The integral and differential characteristics of fluxes of albedo electrons
are computed and investigated. The transfer process was modeled using the Monte
Carlo method within the framework of a scheme of individual collisions in a three~-
component medium (0, 02, N,). The fluxes of albedo electrons at pitch angles = 0°
attain 1.6-30% of the intensity of the primary beam in the entire range of initial
energies, A further increase in the initial pitch angles leads to an increase in
the relative intensity of backscattering. For different ranges of pitch angles ( 60
< 60°, 60> 60°) there is a diametrically opposite dependence between the magnitude
of the albedo flux and the initial beam energy. The pitch angle distribution, being
isotropic with small 90 with a mean angle ~135°, with an increase in the initial
pitch angles becomes anisotropic with a mean angle ~115°. The effect of reflection
of primary electrons by the magnetic field begins to be manifested with initial
pitch angles greater than 60°. In this case in the angle spectrum of albedo elec-
trons a delta-shaped maximum is formed which is caused by that part of the primary
beam which was reflected by the magnetic field. Figures 12, references 16.

UDC 550.388
WAVE DISTURBANCES IN THE POLAR IONOSPHERE
[Abstract of article by Solodovnikov, G. K.]

[Text] This article is a review of studies on wave movements in the polar iono-
sphere, The author gives the morphological characteristics of moving ionospheric
disturbances. Also examined are the physical mechanisms of formation of polar iono-
- spheric disturbances and the localization of their sources., Data are given on the
relationship between polar ionospheric disturbances and substorms. Infrasonic waves
- excited during the supersonic movement of plasma arcs in the auroral zone are dis-
cussed, Figures 6, references 40,
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